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Abstract - The genetic diversity and structure of P. fongkangensis in 5 populations from 3 regions was investigated using 56
markers derived from 6 ISSR primers. Genetic diversity at the species level (P=94.6, SI=0.377, h=0.240) was substantial
considering the limited distribution and small size of populations. Genetic differentiation among regions (12%) and among
populations (13%) in the region was not clearly evident, which suggested a moderate level of gene flow among adjacent
populations. The Mantel test revealed a significant correlation between genetic differentiation (Psr) and geographic distance
among populations. This was supported by cluster analysis and principal coordinate analysis (PCoA). The significant
difference in marker band frequency at many loci and their fixation in opposite directions in the smallest and most isolated
population SC were considered due to genetic drift. Therefore, the genetic diversity of P. tongkangensis could be
compromised if the distribution area or the size of the population was further reduced. In particular, small and isolated
populations could be at great risk of extinction. Considering this, the unique habitats of P. fongkangensis should be
protected and the reduction of population size should be closely monitored. Conservation efforts including the seeding and
planting of seedlings should be done carefully based on their genetic and ecological traits. Our data support the argument
that establishing an integrated management system for the efficient conservation of P. tongkangensis is critical.
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5738 Z(Pulsatilla tongkangensis Y, Lee et T. C,
Lee):> H|ut2|opAiH]| 2 (Ranunculaceae) o] 7= S4F 3]
AER Hlua FZo| AFom TR E AT (Lee, 2000).
FHA o2 TulEof| H|g| o] iR aola FEd]
Z2of| HlsiAl= o] Ethzt 2ol Mok HolA &
o7} drh(Lee, 2000), E3F A= 54] FHAAA|
OF 3] AARAMAE 7HA= Doyt #-Egn]Eo
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AAE 2L Qo] HAE QIrh(Lee
et al., 2004). 713}7])2] AIBA| Z7]= ¢F 15 cm 7}EFo|H,
4-6Y 735t 6-7Yo) Gulj7} Ad<dtth(Lee, 2000).
SRS B2L o} 43/ 0je] grezlo] A
5 (Lee, 2000), =9 9] 2-20 m A}o] 9] FAHEE o]
&2 Z2kal )t (Wonju Regional Environmental Office,
20061, T 7} HAl9] APHAITH A A Arfol
ZPBBIAL Ql50] Bars v QItHKim et al,, 2005), 2005
S| AJ2HE AR O] EEAE 2AF A3t AT B
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tf 671404 oF 5007HA|7F 2415 IthWonju Regional
Environmental Office, 2006a). 3t 2006 | 722 A
2o A9 A AR Bl Al v o] == 1,64070A417F
AL Qlgol HaEgley, ol ekl dute] d
A7l GF A= AT 20% o HAaET|=
5} tH(Wonju Regional Environmental Office, 2006b).
SRS ol ofgthyl ¥ 77 ==& #HdY 3
27127k Qlo] YH- A oA T2l FAet A= <
3 FNAl7E Eskal APYA| F=9] AZHdo] tiFEESiTh
olo]l 2007 A KB = AHARA] ThAef vzt 2 TA|of ofs]
B AE 9 0 o4 5o W2 ol AA B
o] AZEQIth(East Regional Forest Service, 2007;
Save the Dongriver, 2008).

=7kl Ze [UCN B2 7)29] 23] ‘endangered &
252531 9J=d|(Korea National Arboretum, 2008), 1
97] Mol vla MAS 917 71207} HER FHole,
S4B HAs] Slak e AARe] sS4
il A 2o AR B EAAS 22 4
Elojofabet, obge AAEe] H35elat Ws WA}
L gArepe] Ry el B YRE HuEolo}
RHeh(im, 2009), T2} BARUIE B AL B2 2
Aho] S4foli woleh, ALK BAS ol Tt A
Tt & ¥ (Yoo et al, 2009; Ahn et al, 2009), 1LH|
SFjolL} 7]e} BT 718 BAolt ATl hat
AT 719] ol 2ol vl ek, Wb SE|Ee B g
qow WA AL AN A HEE T
QA WA AT 27 9 H0H P2 5] A
4 A 22 1Mol n AARY WA A7} B A

AT 572 22 HEol fHY HES
4O 2 ISSR HEA|AE o] &3}
wof A9 gl A of A
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mgl' BN
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WEF A2 B4 2 AEAFH

A=) 37 A9, 57 FeolAl Z- 1777HA| = 5E DNA
2 22a17] 98 23] 9 BHS HESITHTable 1),
B3 2 A(PC)9] 37 Ak 2, et PC1L 3k oF 220 m
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of uhg15) 20001117} AAfa A ek Po2sk PC3
2 #fek oF 500 m AF2) A AR oA WAE He),
%3] 80 — 40 m* A=) WHo] 100 He] AL HEH
o2 Aeka gk, oF 37) YT ¥ 1 km el 2
Ashed, Zizke] MAAZE 27 2k gptoR Aelslo) ¥
el Aekoz 7Fskich, AL e ISt S OF 240 m
9] A3|et vpgdy o g2 HA oL JAISE & o) AYS] 7
ot AARL FlEo] AR oIt HAT el 470
A2 574 271€ wet 22 }‘11 Zdi 712} 10 km o4
of YAt o A TS0 EHH* F 770 m2| 4k
SAA ARG, WA % 14w’ 9] 37]0] 30 Bzt
o) A7} AASET QAoleh. BT B A odo] ke A
4 20 A A STAAZIA B Ejglont Aol Arke
1070ATE 2AFE e}, AR Al 2k A Ak
9371 flsf 7HA 9 e HE o 50 em o] A&
Ak

DNA $& % ISSR-PCR

100 mg9] ¢ 2Z& SDS lysis buffer(Ziegenhagen et
al., 1993)9k A FA| Zot 4087+ 62°Coll A §E-3FTE,
YAIEZ](9000rpm/1200s) % AFSo] 1/3 Hul9] 5 M
potassium acetateS il ofo]|AHIAo|A 2087t HE-S-
SFoiet, §41521(9000rpm/1200s) T AFElo] Eeko)
chloroform / octanol(24:1)& Y1 & 42 & T}A] ¥4
+#2J(15000rpm/1500s) SFSAEE, o]0 A5 2/3 F] 2]
isopropanol2 @1l 2 A& 5 1A|7} o4 DNAS U?H/\]
Ak, YalEe] & HHE DNAE 70% ethanolo] A2 &
7128}0] TE buffero] o] AF o] AHgE w742 —20Ce
W skt

60719 ISSR primer(50 from UBC primer set,
Biotechnology Laboratory, University of British Columbia;,
10 from Wolfe Laboratory, Department of Evolution,
Ecology and Organismal Biology, The Ohio State
University) 5 A@40] #& 6705 AAst 4o AR
sloitk; 57) UBC primer: #813, #3815, #3824, #836, #343;
17} Wolf Lab, primer: Mao, PCR ¥F-&-oH 20 ul&= 10 ng
template DNA, 0,2mM dNTPs, 300nM primer, 0,00025%
BSA, 1XPCR HF& buffer(Biotherm, Genecreft), ~12|il
1 unit 7aq polymerase(Biotherm, Genecreft) 2 ZAF]

?lt}t. PCR HF3-2 T—gradient thermal cycler(Biometra)
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£ ARgsto], WA 18 3027 94CoflA WA % 40%
7+ 94°C, 4527+ 51°C. 18|31 18- 3027F 72°C9] 3tH7)
AtolEE 353 WHESLGITE Lejal npxjako g 72°Cof A
587} (% 2Z04S AHTh PCR 2ZANEL {XTBE
buffer pH8.0 & A}&-38}0] 1.8% agarose gel(w/v) oA
2212t Bok A719% E3ick 2719 F gelS ethidium
bromide® AM&}o] UV trans—illuminator Aol ARl
ol Aol AHg-aF3ItHFig. 1).

L CEEY

AL Azt S AAC] S bandth 4
ThOFA] B 0] tjako & sttt 7) size M HA
L3k SRR AR T HLEQ 27 fo

rie 2 el 7H4 ﬂi%‘ A7y 2
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9 band—4 —L—XH °4T°ﬂ U‘]—’C ]E‘)ﬂ <Ak 4
chil the o1 Anele] M Slsto] Ay Eae)
£ 0]83}%] Hardy—Weinberg H& 7} 3lol|A] 7|05
AL RIS 374510] Nei's(1978) 4414 thok=(h) & A
AFs19ith POPGENE v1,32 2 13(Yeh et al, 1999)2 0]
4510 thg 4] A=) Bl8(P) 2} Shannon’s information
index(SI) (Shannon and Weaver, 1949)& L3t} S}k
9] o 9 At B dolR 7] 9l ARLEQUIN
v.3.0 (Excoffier and Schneider, 2005)& ©]-&5}] AMOVA
(analysis of molecular variance) E-41-S 4=345}5ith =3t
A 749 A7 B8 AE@ur)o} A217 Aote] A
IAE LolR7] €3} IBD program(Bohonak, 2002)<
o]-§5to] Mantel testS H3SIc. AT 1T FATAE &
o}x 7] o5t 9 M 72| (Nei, 1978)2] AARS RAPDDIST
v1,0 (Black, 1996)& 0|83}t o]o] PHYLIP v3.5¢

rlr oz 32 o
L

a) #815

(Felsenstein, 1993)2] NEIGHBOR = 10| A UPGMA
PO §33 & HFHOE TREEVIEW v1,6.6 L&
1% (Page, 1993)o| A dendrogram2 At&slch Aok
] FAEAE Slsty] 91 o W o2 GENAIEX
program(Peakall and Smouse, 2001)2 o|-&3}o] F&}
FEA(Principal Coordinate Analysis; PCoA)2 4235}

o,

i&

2 It

il vl )
% 7y 571 Heko A 2AFE 56709] ISSR A&}
ME 5 537004 th S et o] F 3 Hetof ARt
WA 1§ WETE 678G, A PO SColA 22}
27}, 123l et PC3et JSollA] 22 174 =] Sk (=}
2 AR 8 A RS FE Al 7). 2lE 674
I WHE F 370 BE HdellA 0.064 ko] W2 Rl
=2 9o, sc Hekel 27 &
o] o nuxE Bt 3t PCl ot TakE 1.6
ELA=IES 6}145 0.2089] H|WZ =& Wzg T}
] HEH(SC)S A3t 47 kel thg A fHAEe]
H]&-(P) > agu} PC2 oA 62.5%% 7} Wy, Zet Pl
oAl 69.6%= 71 = a2 HYUTH(Table 1), f-3xketg
Bt WA (A) S} Fa AR (A) GA] A
PC20|| A ZHZF 1,633} 1,.3320.2 714 Z9lat, Ztk PC1oj| A
27} 1,703} 1. 342 7P wokeh, o Ak o (h) 2
Shannon index(SI)= Atk PC2oj|A] Z+ZF 0.1983} 0,302
2 7P wekar, ek pesol A 2kt 02073} 03188 71
=9kt ey A JH(S0) 9 ATt v Al
H]al] Y55] WtHP=17,9%, A=1.18, A.=1.11, SI=0,095,
h=0,063).

ol

flE: 22t 0.4

b) #836

Fig. 1. Representative amplification profiles from two primers, a) #815 and b) #836
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Table 1. Genetic variability at 56 ISSR loci in 5 populations of P. fongkangensis

1

Pop. Area Altitude N P A A SI h
PC1 250 240 49.8 69.6 1.70 1.34 0.317 0.206
PC2 40 500 34.0 62.5 1.63 1.33 0.302 0.198
PC3 32 610 223 66.1 1.66 1.34 0.318 0.207
IS 400 280 57.5 67.9 1.68 1.34 0.312 0.203
SC 14 770 9.4 17.9 1.18 1.11 0.095 0.063
Mean 140 480 34.6 56.8 1.57 1.29 0.269 0.175
Mean’ 180.5 407.5 40.9 66.5 1.67 1.34 0.312 0.204
Total - - 172.9 94.6 1.95 1.38 0.377 0.240

"Population- PC: Pyeong-Chang, JS: Jeong-Seon, SC: Sam-Cheok (The exact locations of these populations are not shown to prevent further
damage to the habitats)

*Mean of 4 populations except SC

N = number of individuals analyzed; P = percentage of polymorphic loci; A = number of alleles per locus; A = effective number of alleles
per locus; SI = Shannon’s (1949) index; h = Nei’s (1973) gene diversity

Table 2. Analysis of molecular variance (AMOVA) at 56 ISSR loci in 5 populations of P. tongkangensis

Source of variation df. Sum of squares Variance components  Percentage of variation
Among regions 2 121.35 0.695 11.87
Aﬁ?finpiggif;‘:ns 2 6047 0.761 13.01
Within populations 172 755.85 4.394 75.11
Total 176 937.75 5.850

Ds5c=0.148"", Ds1=0.249"", ©c1=0.119 (n.s.)

®sc=Genetic differentiation among populations within regions.
Ogr=Genetic differentiation among populations.

Ocr=Genetic differentiation among regions.

Table 3. Geographic distance (above diagonal, km) and genetic differentiation (below diagonal; ®sr) between all pairs of
populations

Population PC1 PC2 PC3 JS SC
PCI1 Aok 0.52 0.90 10.50 38.50
PC2 0.174 Ak 0.64 10.30 38.40
PC3 0.151 0.048 ok 10.00 38.00
IS 0.217 0.160 0.157 A 35.00
SC 0.445 0.423 0.458 0.415 Aok
A 23} 9 4A84 A9 A T o) of 139 2 2=,

AMOVA 4] A3} 14| f7dolo] of 25%7F A 7t e AT e A4 E8h e ek ol A
zpolof 7]Qlek= A& AWE il WYHA] 75%= ek u ok PC29} PC3 Ato]7} 0,048 714 w% 714 W] "ol
A 2bell 2] s19lch(Table 2). MAG7E 71 AA9kd 4 21 ek scek Ae Pes Ajol] glo] 0,458% 714 &9k}

0

£ Xh:}(sc)% AL wf Fek 7k B8} Aw 0F16,2%  (Table 9). AF Feke th2 Huhulo] Halgwrl Bt 0,435
0 tHDs=0.162, ol AAI=A] o). Hek 7+ &3} + 0,022 o2 Ul Jek 7F BE %310] it 0.151 £ 0,056
XJECL 25%8] Ao = ThA] Al A9 7F to] oF 129, of Hlsl &53] w=qkth. ool weh A4 Aot {44 E
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Fig. 2. Correlation between genetic differentiation and geographic
distance.

A olo] AbhS ool 7] 93t Mantel testo| A= HA|
r=0,97(p=0,009) = 11%=9] -oJA4Jo] A= Utk(Fig. 2).

AR 7 G408 Aelol 71%a SUEY 23, AeHoR
N2 77k BA A9 370 ko] WA A58 B4
3L 71 9lof AAS) Aete] =l o HFH o 4
(SC) ko] FAFTHFig. 3). Fehd F23E54](PCoA) |

Ae B2 AA AR Aoro] HEslA L& Hler), oF
5675 A gS Al Al 1 F2Rapol|h= 4HA Fdo] 3
o] BalE|9)a, oF 15, 6%= AWsts A 2 FEAAE A
A Feto] o]dA o2 UedthFig, 4a), 7HAE B0
SA AL R A 2 =220 AT Eo] 242 23.5%2F
20.1%2 Z2sk3lal, olof whet A9 B et ko] A

scC

Js

PC1

PC3
0.01

Fig. 3. Dendrogram using the UPGMA method based on
Nei’s (1978) genetic distance for 56 ISSR loci from 5
populations of P. tongkangensis. The abbreviations of 5
populations are the same as in Table 1.

2 2 AARE F2 A 2 FH3E| A 9] Zfolof| 7]

Aoz UEthFig, 4b).

S

o o
AFA EH(SO)S ALt FEmE 47 koA
B SAThFA Wi (P=66.5%, h=0.204)2 RAPD FA|&}
of| A ZANE thdA 2EFO ﬁ;ﬁ(hzo 2492) BT} x}
A3} falo] 3| o]F0) 2= F(h=0,219) 3} FAFSIHS
=3 Jo] AlghE EAF F(h=0.191)f H]3|A] Tk %58

A 2 o= A UeEhslTthFig. 4b). B39 371 Atk 4 5201 %{tHNybom and Bartish, 2000), “L&{u} 5] e
A Flee] Bl Aot Ags] oFsl o, S3] Ftt PC2 BEaHe 2H0 £0] Pulsatilla vulgariso) A THEE RAPD
9} PC3 o AMAED FA AHIS) 2 AAE0] HEAoz  EAR|A Q] AL Tk (gene diversity: h), 0,321
Kol ATS wolth AMHo] SO Jhe o A3| o] WMo (0.253-0.380) Rk W LR}CHHensen ef al., 2005).
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Fig. 4. Principal coordinates analysis (PCoA) by populations (a) and individuals (b) using Nei’s (1978) genetic distance from 5

populations of P. tongkangensis.
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TR A Rso) JRFe R e f STkl Hl
okst H 97} Wi (Hamrick and Godt, 1996; Gitzendanner
and Soltis, 2000), 44 YEH(SC)E A8 W2 79
aslols AUT che ek 944 Aol 1 A
f AOR Uehke (Table 1, 9), ol A0 Fu
A A e Qs AgEe s el Bold 9] o
2ol A2 wal), 1YE AUTIAE S04 25
gaeR YReHA W 02 Hust 24 gAY
Ve e wgpes A% G A2 A
A= Aol 77 olAre] SAkel o] EAR o)
woh oE Yua WAt e wgon ngH
ol(Fig. 5), 4 F-59] FFo] 7t 2H83tal A=

“ OPdd O
= Q000 @
" dPPddD
B UEVEGRUN
PPN @®
D PI DO
. X X X X©

Fig. 5. Representatives of the loci at which the most frequent
phenotypes are different among the 5 populations of P.
tongkangensis. The black components in each pie graph
denote marker band frequency. The abbreviations of the 5
populations are the same as in Table 1.
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